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COMBINED SIMULCASTING AND DEDICATED SERVICES 
IN A WIRELESS COMMUNICATION SYSTEM 



Field of the Invention 

The invention relates broadly to the field of telecommunications and particularly to 
wireless telecommunication systems. More particularly, it relates to a method for efficiently 
and flexibly transmitting both dedicated and simulcast services over wireless systems by 
judicious allocation and use of physical communication channels. The technology 
particularly suitable for providing these services is a combination of Time Division Multiple 
Access (TDMA) and Orthogonal Frequency Division Multiplexing (OFDM). 

Background of the Invention 

Existing wireless systems are configured either for two-way dedicated services or for 
broadcasting services. The two types of services use substantially different technologies and 
are not amenable to simple, inexpensive and efficient common network implementations. 

Two-way services are dedicated communications between two stations, for example, 
between a base station and a single mobile subscriber station. Two-way services between 
two mobile subscribers must, by definition, pass through a base station so, for purposes of the 
present discussion, we consider only the transmission between the base station and a single 
mobile subscriber station, whether that communication is in one direction or two directions. 
Two-way services may also include, for example, interactive communication between a 
mobile subscriber and an Internet Web site. For purposes of the present invention, two-way 
communications are a subset of dedicated communications, which can be one-way or two- 
way but are always addressed to a single user. Current wireless mobile systems are designed 
to carry primarily two-way dedicated services. 

Wireless broadcasting systems use fixed and inflexible channels for transmitting a 
single one-directional stream of information from one transmitter to numerous terminals, as 
opposed to the use of wireless systems. Wireless systems contain common control channels, 
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which are operated in the broadcast mode, but this type of broadcast channel is configured to 
provide a minimal amount of information and is used primarily as a support for dedicated 
information channels. Short message service (SMS) can be carried over broadcast channels, 
but there are significant limitations in the length of SMS driven by physical constraints of 
technologies used for current generation wireless systems. 

Apart from broadcast and dedicated transmission modes, certain applications can take 
advantage of the simulcast transmission mode. In the simulcast mode, a multiplicity of base 
stations transmits the same information to one or more terminals. Simulcast can be viewed 
as an aggregation of multiple simultaneous limited-area broadcasts from a number of base 
stations, or as an efficient replacement for a large area broadcast implemented within the 
wireless network. Simulcasting can be used for paging and high information rate distribution 
as well as for audio/video, e.g., digital broadcasting systems. An example of simulcast 
paging might be to alert volunteer emergency services personnel (e.g., volunteer firefighters) 
of the need to respond, rather than depending solely on the old siren. Another example of 
simulcasting may be an efficient distribution of stock market news by minimizing wireless 
resources of the wireless system. 

Both current Time Division Multiple Access (TDMA) and Code Division Multiple 
Access (CDMA) wireless systems have broadcast control channels that have severe 
limitations on their use for information transmission. Traditional TDMA systems that could 
be redesigned based on traditional technologies to provide high information rate simulcast 
transmission will not be efficient. While in the soft-handoff, CDMA systems operate in a 
special version of the simulcast mode, where information is sent from many base stations to a 
single terminal, rather than information being sent from a base station (or base stations) to a 
multiplicity of terminals. However, providing simulcast to mobile stations outside of the 
soft-handoff region is not feasible with CDMA. As opposed to TDMA and CDMA 
technologies, the combination of TDMA with Orthogonal Frequency Division Multiplexing 
(OFDM), which we describe in this invention, provides a basis for highly efficient 
simulcasting which is very well integrated with high-speed dedicated services in a common 
wireless system network. 
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Summary of the Invention 

The present invention provides a method for efficiently implementing both 
simulcasting and dedicated services within a common wireless network such that both or 
5 either type of service can be provided simultaneously to different subscriber terminals based 

on their individual needs. 

The provision of wireless Internet service is a rapidly growing business. The Internet 
provides both two-way (interactive) services such as Web browsing and broadcast services 
such as news and entertainment services such as live concerts. Third party service providers 

10 have emerged in the market. These third party service providers transform and translate 
Web-based information in order to be able to forward information. This can be in the form 
of news or sports scores to a paging device, a wireless wireless telephone, a Personal Digital 
Assistant (PDA), or a combination of devices. The information may be provided directly by 
a provider such as Reuters or ESPN or by a third party that accesses multiple services such as 

15 Reuters and ESPN and integrates the information into a package. Because so many 
individuals subscribe to such a news or sports service, and because these users are widely 
geographically spread within a cellular network, this type of service belongs to a class of 
simulcast services. The information may also be provided on an alert basis such as a market 
watch, where a subscriber wants to be informed if a stock goes above/below a certain 

20 amount. This is usually accomplished, however, in the context of one-way service such as 
alerts. In either case, the information received by the subscriber is based on need and the 
services to which they have subscribed. The current way in which this simulcast information 
is distributed to the users of a cellular system is by very inefficient use of dedicated channels, 
such that every subscriber terminal requires one physical channel to be able to receiver the 

25 simulcast. 

Existing wireless technologies provide either broadcasting services, using one 
(wireless broadcast) technology, or dedicated services using much different (cellular system) 
technologies. Furthermore, these services are provided to different types of terminals. A 
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method by which a single network platform, based on the cellular system concept, can 
provide both types of services is highly desirable. The present invention provides such a 
method. Both services are provided by the present invention using a combination of wireless 
TDMA and OFDM and base station frame synchronization for both simulcasting and 
5 dedicated services. 

OFDM is currently used in the context of wireless systems and broadcasting in the 
European Digital audio Broadcast System (DBS). Broadcasting the information in minimal 
amounts is supported over control channels in current cellular systems. In contrast, the 
present invention provides for both simulcasting and two-way service and uses the same 
10 cellular network for that purpose. Additionally, in the present invention OFDM is not used 
by itself but in combination with TDMA. 

It is, therefore, an object of the present invention to provide mixed services (both 
dedicated and simulcast) over a common cellular wireless infrastructure. Simulcasting 
J services include, but are not limited to, high-interest news, stock quotes, sports information 

s. 

i 15 and scores. Dedicated service includes service to a single mobile subscriber, such as phone 
conversations, as well as Web browsing. These services can be provided to a single terminal 
1 (mobile subscriber station) or simultaneously to a multiplicity of subscribers based on their 

instantaneous needs. 

il Further, it an object of the present invention to provide these services efficiently. 

20 That is, it is an object to minimize power consumption, system, base station and subscriber 
unit complexity and cost. This is accomplished by proposing the methodology that combats 
channel dispersion, which is one of the principal degradations that wireless systems have to 
combat. With these objects in mind, the present invention overcomes significant defects and 
drawbacks that preclude using conventional methods for providing such services. 
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Brief Description of the Drawings 

The invention is best described with reference to the detailed description and the 
following figures, where: 
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Fig. 1 illustrates an example of a cellular network that provides both dedicated 
channels and simulcast channels to the mobile users. 

Fig. 2 depicts base stations 1 through N each sharing the same OFDM frequency 
(carrier), where the carrier is framed in time into time slots using time-division multiplexing. 

Fig. 3 shows two further concepts attendant to efficient implementation of the present 
invention. 

Figs. 4-6 show the distribution for RMS delay spread illustrating the significant 
advantages of the hereby proposed OFDM/TDMA concept for simulcasting services. 

Detailed Description of the Preferred Embodiments 

Internet services have emerged that, in some cases, are based on simulcasting as well 
as dedicated access. Existing wireless technologies do not efficiently support a mixture of 
simulcasting and dedicated access. The present invention is directed toward a method 
whereby a system designed using OFDM and time division multiplexing technologies 
supports both simulcasting and, among a group of base stations (proximate located), 
dedicated access with different information transmitted for each subscriber/user. 

Orthogonal Frequency Division Multiplexing (OFDM) is an emerging technology for 
high-speed communications, which we propose to use for wireless communications in a 
novel and non-obvious manner. OFDM is a special form of multi-carrier modulation that 
uses densely spaced subcarriers (tones). The information to be communicated is split into N 
parallel information streams with each of the information streams modulating a different 
subcarrier of the OFDM carrier. In the most straightforward version of the system, all base 
stations use the same carrier. They share the carrier by time multiplexing (each base station 
getting its turn for transmission during one frame of a predefined superframe time structure). 
It is, however, also possible to design a system where each base station may be using only a 
subset of all the carriers that comprise the OFDM carrier. 

The subcarriers of a OFDM carrier are chosen to match the properties of the wireless 
channel, in particular to be of such bandwidth to be resistant to delay dispersion experienced 
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by simulcasting in a cellular system. Analysis and measurements of delay spread 
impairments show that channel dispersion in mobile channels for dedicated transmission is 
generally in the 1 to 5 microseconds (^isec) RMS delay spread range. However, simulcast 
dispersion, where the same signal is sent from many base stations to a single terminal, is 
expected to be two to four times greater. This is illustrated in Figs. 4-6, which are obtained 
for fully synchronized cells using omnidirectional antennas. Fig. 4 shows the distribution of 
the RMS delay spread for 380 mobile subscriber stations in a system with a large number of 
base stations. The propagation exponent is 3.7 and there is no shadowing. Four curves are 
plotted as a function of the cell radius - 1, 2, 5 and 10 kilometers. It can be observed that the 
RMS delay spread reaches values up to 2, 4, 8 and 18 microseconds, respectively. This is 
significantly more than up to 2 microseconds that dedicated channels experience, and more 
than can be compensated by terminal equipment. Fig. 5 shows the distribution of the RMS 
delay spread for 380 mobile subscriber stations with the same propagation exponent and 
shadowing of 8dB. RMS delay spread range is further extended. Fig. 6 shows the 
distribution of the RMS delay spread for 760 mobile subscriber stations with a propagation 
exponent of 3.5 and shadowing of 6dB. Delay dispersion distribution reaches values as high 
as 40 microseconds. OFDM modulation is resistant to delay dispersion that is on the order of 
the guard times between modulation blocks and thereby particularly suitable for combating 
simulcast-induced dispersion illustrated in the previous figures. 

Guard times allocated for dedicated services are appropriate for those services and 
guard times between blocks for simulcast services are appropriate for them and different 
from the guard times allocated for dedicated services. By way of example, using a frame of 
20 msec with 20 one-msec time slots, time slots used for dedicated services might use OFDM 
blocks of 150 jisec in length with a 30 jisec guard time. With five such blocks in a one-msec 
slot, there is a 100 jisec time slot guard time. Slots used for simulcasting might operate with 
four blocks of 150 jxsec with a 75 jisec guard time. This example allocation supports 
resistance to dispersion that is two to three times higher than the dedicated services mode. 
Based on the above example, simulcasting would support approximately 80% of the 
throughput of the dedicated services mode. The base stations and network would be 
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effectively and efficiently shared by dedicated services and simulcasting services. The 
modulation formats would be the same. Thus, a single terminal (e.g., mobile subscriber 
station) could economically receive both simulcast and dedicated services. 

OFDM transmission is implemented efficiently using inverse Fast Fourier Transforms 
5 (IFFT) in the transmitter and FFTs in the receiver. Each of the subcarriers or tones is part of 

the IFFT output. To support the sharing of the same OFDM carrier by the multiplicity of 
base stations, the base stations must be synchronized (which can be accomplished by the use 
of a Global Positioning System - GPS) and the mobile devices derive their synchronization 
off the wireless signals sent from the base stations. Since OFDM uses FFT operation, the 

10 complexity of its implementation is low. 

The present invention uses OFDM for high-speed packet-switched or circuit-switched 
wireless information transmission from base stations (on a downlink) in a cellular network on 
a common frequency (carrier). The transmission signals from all base stations are frame 
synchronized in time using GPS signals or by equivalent alternate techniques. The common 

15 channel is configured in a TDMA framing manner with a frame structure containing a 

plurality of time slots, which may be of any duration in accordance with engineering design 
considerations (for example, a 20 msec frame with 20 one-msec time slots). 

Combining OFDM with TDMA in the dedicated mode means that each frame carries 
the information for more than one subscriber, where each subscriber unit gets its information 

20 from one of the slots in the frame (in the dedicated mode). When one slot is dedicated for 
simulcasting services, then more than one subscriber unit gets its information from a single 
slot. Some time slots are used for simulcasting information from many base stations 
(proximately located within the frequency reuse of the system). When two or more base 
stations are simulcasting the (same) signal, they are simulcasting the signal using the same 

25 OFDM carrier and the same TDMA time slot. Thereby, the receiving unit can be tuned to a 

single OFDM carrier to receive the simulcast signals. 

Fig. 1 illustrates an example of a cellular network that provides both dedicated 
channels and simulcast channels to the mobile users. Base stations 5, 20, 30, 40 and 60 are 
depicted transmitting dedicated information to mobile terminals 10, 25, 35, 45 and 50 
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respectively as indicated by the dotted lines connecting the base stations to the mobile 
terminals. The solid lines indicate a single (one) simulcast information transmission from 
three base stations (20, 40 and 60) to two mobile terminals. Mobile terminal 15 receives the 
simulcast transmission from base stations 20, 40 and 60. Mobile terminal 35 receives the 
5 simulcast transmission from base stations 20, 40 and 60. Mobile terminal 65 receives a 
simulcast transmission from base stations 60, 70 and 80 as indicated by the dashed and dotted 
lines connecting the base stations and the mobile terminals. Mobile terminal 75 receives the 
same simulcast transmission as mobile terminal 65 from the same base stations as mobile 
terminal 65 (60, 70 and 80). Mobile terminal 75 also receives a dedicated transmission from 

10 base station 60 as indicated by the dashed line connecting base station 60 and mobile 
terminal 75. To the mobile subscriber/user the dedicated transmission and the simulcast 
transmission may appear to be simultaneous. They are not actually simultaneous but are 
transmitted as described herein in the same frame. 

Fig. 2 depicts base stations 1 through N each using the same OFDM carrier, with an 

15 assumption that there is only one OFDM carrier. Base stations are mutually synchronized 

and the signals from each of the base stations are then multiplexed onto the same carrier by 
using the concept of time division multiplexing using slots, frames and superframes. Each 
transmitting base station comprises a control processor for use in a combined OFDM and 
time division multiple access wireless communication system of simulcasting information 

20 and transmitting dedicated message information from a plurality of base stations forming a 
cellular pattern over the same wireless frequency channel, including means for constructing 
frames for transmission by said plurality of base stations comprising control information, 
simulcast information and dedicated message information within predetermined time slots of 
said frames and means for allocating said simulcast information and said dedicated message 

25 information to time slots of the same frame predetermined by said control information of said 
frame. The control processor can be a conventional central processing unit, an application 
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or any equivalent 
means for performing the methods disclosed herein. 
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As shown in Fig. 2, a few of the time slots in each frame are reserved for control 
information and purposes, with neighboring/adjacent base stations using different time slots 
for this purpose. This is done in order to control the interference. A number of the time slots 
are used for simulcasting with the same information being transmitted on the simulcast time 
5 slots, same frame and superframe by all base stations using a format that mobile subscriber 

stations can reliably receive. The remaining time slots are used by all base stations for 
dedicated or individual information and can be reused some geographical distance away. 
That is, the time slots used for dedicated transmissions can be and are reused. 

On time slots dedicated to simulcasting, OFDM blocks can be modified with longer 

10 OFDM cyclic extensions to minimize the delay dispersion (which causes multiple copies of 
the desired signal to be received by a mobile subscriber station, coming from several base 
stations with different propagation delays). Propagation delays may be the result of signals 
transmitted by the plurality of proximately located base stations bouncing off a plurality of 
buildings, mountains or other objects. Intersymbol interference is reduced by choosing an 

15 appropriate OFDM pulse length and cyclic extensions. OFDM system should be adaptive in 

order to support variable pulse length appropriate for reducing intersymbol interference for 
the wireless channel at hand. Lengthening the cycling extension reduces the capacity of a 
system by up to 20-30%, by way of example, but it is necessary to facilitate simulcast from a 
number of base stations situated at different geographical locations. Because of the 

20 redundancy built into an OFDM pulse when used for simulcasting, the original signal can be 

effectively and efficiently received and decoded by the present invention, even when 
propagation delays from different base stations are significantly different. 

There are ways which could further improve the performance of the reception by 
using multiple antennas, but the concept of multiple antennas does not change the principal 

25 idea of the present invention. 

Time slots not used for simulcasting are used for dedicated services, where the 
information transmitted on a single slot by each base station is directed to a single user and is 
different. In the case of dedicated services, a variety of techniques may be used to minimize 
the interference between transmissions of adjacent base stations, such as intelligent 
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scheduling of transmissions on the available time slots, fixed reuse of resources in time such 
that adjacent base stations use different time slots or any other equivalent means. The use of 
OFDM in conjunction with TDMA, along with appropriate network structures, supports both 
broadcasting/simulcasting and dedicated access on one network with a shared infrastructure. 

Additional options include the provision of simulcasting over a limited area (region). 
In limited region simulcast, some number of "close-by" base stations will perform a 
simulcast using a particular time slot within a given OFDM carrier. This differs from 
simulcast among base stations that are widely separated, which can use the same time slot at 
the same carrier frequency for something entirely different, such as dedicated 
communications. Simulcasting in widely separated base stations results in reuse of the same 
carrier frequencies and time slots. 

Fig. 3 shows two further concepts attendant to implementation of the present 
invention. Both frames show the control information in the first position. The top frame 
illustrates the concept of movable boundaries between the simulcast blocks and the dedicated 
blocks. For example, assuming eight time slots per carrier and depending on the needs of the 
application, only one time slot may be used for simulcasting. If the application requires more 
bandwidth, two or more time slots may be assigned for simulcasting. This assignment may 
change often and dynamically using the control channel The remaining time slots are used 
for dedicated transmissions. 

The bottom frame suggests the concept of interspersed simulcast blocks and 
dedicated blocks with appropriate guard times allocated. Interspersing indicates that if more 
than two time slots are assigned for simulcasting, they do not have to be adjacent to each 
other within the TDMA frame. For example, time slots one, five and six may be used for 
simulcasting the same information/signal, whereas time slots two, three, four, seven and eight 
are used for dedicated communications. 

Dedicated service blocks can be managed using any of the currently available 
management techniques or the equivalent. Such techniques include fixed assignment, 
dynamic assignment or network-assisted dynamic packet assignment. 

10 
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The system described herein may be implemented in hardware, software or any 
combination thereof. Further, the present invention may be implemented using traditional 
hardware or Application Specific Integrated Circuits (ASICs) or Field Programmable Gate 
Arrays (FPGAs) or any combination thereof. The system may further be implemented as any 
combination of hardware, software, ASICs any FPGAs. 

Based on the foregoing, the present invention provides a method of effectively and 
efficiently transmitting both dedicated and simulcast services over a common wireless 
infrastructure to a single terminal simultaneously. At the same time, channel dispersion is 
minimized. 

It should be clear from the foregoing that the objectives of the invention have been 
met. While particular embodiments of the present invention have been described and 
illustrated, it should be noted that the invention is not limited thereto since modifications may 
be made by persons skilled in the art. The present application contemplates any and all 
modifications that fall within the spirit and scope of the underlying invention disclosed and 
claimed herein. 
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